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(57) ABSTRACT 

A method of attaching a phosphorous dendrimer onto mag 
netic microparticles by taking magnetic microparticles in a 
water-based solution, then performing a solvent exchange, 
then Suspending the microparticles in a phosphorous den 
drimer Solution and shaking, then washing the microparticles 
with an organic Solvent, and then washing the microparticles 
with a transition solvent. The solvent exchange is done by 
washing the microparticles with a first concentration of a 
transition solvent, then washing the microparticles with a 
second concentration of the transition solvent where the sec 
ond concentration is greater than the first concentration, then 
washing the microparticles with an organic solvent, then 
washing the microparticles with the transition solvent, then 
washing the microparticles with the organic solvent, and then 
Suspending the microparticles in the transition solvent. Also 
disclosed is the related phosphorous dendrimer made by this 
method. 

20 Claims, 2 Drawing Sheets 
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LARGESCALE PREPARATION METHOD 
FOR FUNCTIONALIZING THE SURFACE OF 
MAGNETIC MICROPARTICLES WITH AN 
NORGANIC PHOSPHOROUS DENORMER 

PRIORITY CLAIM 

The present application is a non-provisional application 
claiming the benefit of U.S. Provisional Application No. 
61/787,047, filed on Mar. 15, 2013 by Marie Archer, entitled 
“Large Scale Preparation Method for Functionalizing the 
Surface of Magnetic Microparticles with an Inorganic Phos 
phorous Dendrimer, the entire contents of which is incorpo 
rated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to attaching a phosphorous 

dendrimer to magnetic microparticles. 
2. Description of the Prior Art 
The methods to fabricate magnetically responsive particles 

of sizes ranging from a few nanometers to several microns 
have been in continuous development for more thana decade. 
Magnetic microparticles of various sizes, compositions and 
different surface functionalities are commercially available 
for biological separations, immunoassays, and medical imag 
ing. In general, these particles consist of a magnetizable core 
(for example iron oxide) coated with a polymer onto which a 
reactive functional group is linked. The reactive functional 
group can be an epoxy, amide, carboxyl, amino, hydroxyl, 
among others, and it is incorporated into the magnetic micro 
particles during the polymerization step. The presence of 
these reactive functional groups allows covalent or non-co 
Valent interaction with biological moieties such as cells, cell 
organelles, nucleic acids, proteins and antibodies that facili 
tate their separation from other organelles, organisms or Sub 
stances contained in the same matrix. Since all these pro 
cesses are carried out in aqueous phases, the commercially 
available functionalized magnetic microparticles are usually 
sold as a Suspension in water based storage solution, which 
limits their use in water based reactions. 

In many circumstances, such as for the specific capture of 
genomic nucleic acids, it is necessary to attach a particular 
type of linker on the magnetic microparticle before linking a 
capture moiety to obtain the desired performance. If the linker 
required is only soluble in solvents with poor water solubility, 
the availability of magnetic microparticles in water based 
solutions represents a problem for the functionalization. Fur 
thermore, none of the commercial providers have any infor 
mation pertinent to the use of the magnetic microparticles in 
organic solvents nor have they developed protocols for their 
use under these conditions. 

Phosphorous dendrimers are highly branched molecules 
soluble in solvents such as chloroform, tetrahydrofuran, 
dichloromethane, and dioxane. These molecules possess 
many characteristics that can enhance and facilitate capture of 
genomic nucleic acids in a single step when used as linkers in 
magnetic microparticles and other materials. A method to 
covalently attach a phosphorous dendrimer onto magnetic 
microparticles with primary amine functionality (NH) was 
previously disclosed (US Patent Publication 2008/0293594, 
the entire contents of which are incorporated herein by refer 
ence). Since the magnetic microparticles are Suspended in 
water and the phosphorous dendrimer is only soluble in 
dichloromethane, it was necessary to perform a solvent 
exchange from water to dichloromethane of magnetic micro 
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2 
particles. The Solvent exchange was done using ethanol as a 
transition solvent. Previously, a single transition step was 
used and the functionalization was performed in a small scale 
(500 g of bead aliquots). The method of the present inven 
tion optimizes this approach by incorporating additional tran 
sition steps to make it suitable for Small or large scale func 
tionalization and in a shorter period of time. Both approaches 
are schematically shown in FIG. 1. 
The only known approach that has considered the use of a 

dendrimer on the Surface of a magnetic microparticle is that of 
Pan et al. (Pan et al., “Dendrimer modified magnetite nano 
particles for protein immobilization.” Journal of Colloid and 
Interface Science, 284, 1-6 (2005)). However, Pan uses a 
cascading polyamidoamine dendrimer (PAMAM) and not a 
phosphorous dendrimer. Additionally, the dendrimer was 
synthesized on the Surface of the magnetic microparticle by a 
stepwise deposition process through which layers of two 
different materials were incorporated until the desired den 
drimer generations was reached. The resulting Surface is cov 
ered with amine functionalities that cannot withstand the 
conditions required in the single step Subtraction of genomic 
targets. 

BRIEF SUMMARY OF THE INVENTION 

The aforementioned problems are overcome in the present 
invention which provides a method of attaching a phospho 
rous dendrimer onto magnetic microparticles by taking mag 
netic microparticles in a water-based solution, then perform 
ing a solvent exchange, then Suspending the microparticles in 
a phosphorous dendrimer Solution and shaking (e.g. for 22 
hours at 90 rpm), then washing the microparticles with an 
organic solvent, and then washing the microparticles with a 
transition solvent. The solvent exchange is done by washing 
the microparticles with a first concentration of a transition 
solvent (e.g. 50%), then washing the microparticles with a 
second concentration of the transition solvent (e.g. 100%) 
where the second concentration is greater than the first con 
centration, then washing the microparticles with an organic 
Solvent, then washing the microparticles with the transition 
Solvent, then washing the microparticles with the organic 
Solvent, and then Suspending the microparticles in the transi 
tion solvent. The transition solvent may comprise ethanol. 
The organic solvent may comprise dichloromethane, chloro 
form, tetrahydrofuran, dioxane, or any combination thereof. 
The phosphorous dendrimer may comprise hexachlorocyclo 
triphosphaZene. Also disclosed is the related phosphorous 
dendrimer made by this method. 
The present invention is intended to provide a large scale 

preparation method to incorporate phosphorous dendrimer 
linkers onto commercially available magnetic microparticles. 
The methods presented herein will enable the fabrication of 
magnetic microparticles with a phosphorous linker on their 
Surface for use as selective solid phase for applications such 
as, but not limited to, Subtraction of human genomic targets. 
For those applications requiring larger amounts of the Solid 
phase to be prepared in single batches, the incorporation of 
the phosphorous dendrimer linker can be performed at a large 
scale while reducing the Volume of hazardous materials 
required. 

Functionalization of magnetic microparticles with a phos 
phorus dendrimer is required for the selective capturing of 
nucleic acids in a single step. Since the phosphorous den 
drimer is soluble only in solvents with poor water solubility 
(tetrahydrofuran, dichloromethane, dioxane) and the mag 
netic microparticles are available only as Suspensions in 
water based solutions, it is necessary to perform a solvent 
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exchange process to achieve full functionalization. The phos 
phorous dendrimer cannot be incorporated onto the magnetic 
microparticles during its synthesis, and therefore a separate 
process has to be performed on the commercially available 
microparticles. In general, the use of these microparticles is 
intended for separation of biological moieties existing in 
water based environments. For this reason, none of the com 
mercially available products has been characterized or tested 
in the presence of organic solvents such as the ones required 
for dissolving phosphorous dendrimers (dichloromethane, 
chloroform, tetrahydrofuran, dioxane). The present invention 
provides a method to functionalize commercially available 
magnetic microparticles with a phosphorous dendrimer. The 
method disclosed herein can be used for large scale function 
alization of magnetic microparticles in a reproducible manner 
with a minimum amount of hazardous materials. 
An advantage of the present invention is the possibility to 

functionalize commercially available magnetic micropar 
ticles with a phosphorus dendrimer, in a large scale, with 
reduced amount of hazardous material and a shorter process 
ing time. The functionalization of magnetic microparticles 
with phosphorous dendrimers is relevant for the fabrication of 
selective Solid phases for capturing genomic targets in a 
single step. Since the Surface of the magnetic microparticles 
prepared with the method of the present invention is reactive 
towards biological moieties bearing primary amines, this 
method could be useful for the large scale fabrication of 
magnetic microparticles for otherapplications such as protein 
immobilization, or any separation requiring a reaction with an 
aldehyde group. 

These and other features and advantages of the invention, 
as well as the invention itself, will become better understood 
by reference to the following detailed description, appended 
claims, and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a schematic comparison between (a) a pre 
viously disclosed method and (b) the method of the present 
invention for functionalizing magnetic microparticles. 

FIG. 2 is a fluorescence microscopy image of the magnetic 
microparticles functionalized with a 4.5 phosphorous den 
drimer using the method of the present invention. A Cy3 
amino oligonucleotide was used to corroborate the function 
alization. The beads were dispersed on a glass slide and 
imaged at a 20x magnification. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates in general to a method for the 
attachment of a phosphorous dendrimer onto magnetic 
microparticles. Particularly, this invention pertains to the 
attachment of phosphorous dendrimers, for example, but not 
limited to, phosphorous dendrimers with hexachlorocyclot 
riphosphaZene core, onto magnetic microparticles with a pri 
mary amine to produce a solid phase Suitable for the capture 
of genomic nucleic acids in a single step. Yet even more 
particularly, the invention concerns specific procedures to 
perform Such attachment in the presence of a low water solu 
bility organic solvent, for example, but not limited to, dichlo 
romethane, by performing a solvent exchange using various 
concentrations of ethanol as a transition solvent. 

Example 

Method for Large Scale Functionalization of 
Magnetic Microparticles with Primary Amine 
Functionality with a Phosphorous Dendrimer in 

Dichloromethane 

Magnetic microbeads (~1 um) with a primary amine func 
tionality (NH) were purchased from Chemicall (Berlin, Ger 
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4 
many) and functionalized following the steps described in 
FIG.1(b). An aliquot of 10 mg of beads was washed once with 
200 ul of water after removing the supernatant. The solvent 
exchange was performed by washing the beads twice with 
400 ul of 50% ethanol and 100% ethanol each. The beads 
were then washed three times with 1 ml of dichloromethane, 
once with 1 ml of 100% ethanol and once with 1 ml of 
dichloromethane. The magnetic microparticles were then re 
suspended in 1 ml of 100% ethanol and transferred to a fresh 
2 ml polypropylene tube. The dendrimer immobilization was 
performed by adding 1.5 ml of a 2% (w/v) solution of gen 
eration 4.5 phosphorus dendrimer in dichloromethane, 
placed horizontally in an orbital shaker, and incubated for 22 
hours at 90 rpms. After the immobilization period, the beads 
were washed 5 times with 1 ml of dichloromethane, three 
times with 1 ml of 100% ethanol, aliquoted in 200 ug into 1.5 
ml polypropylene tubes, and dried in a heat block at 55° C. for 
15 minutes after removing the remnant ethanol. To corrobo 
rate the immobilization of the dendrimer, a Cy3-amino 
labeled oligonucleotide was covalently attached to the beads. 
For this purpose, the prepared magnetic microparticles were 
re-suspended in 500 ul 0.3 M sodium phosphate buffer and 
incubated for 4 hours. The magnetic microparticles were 
re-suspended in 1 ml of fresh 0.3 M sodium phosphate buffer 
and incubated overnight at room temperature, and then trans 
ferred to a fresh 1.5 ml polypropylene tube. 150 ul of a 
solution of Cy3-amino labeled oligonucleotide at 30 ng/ul in 
0.3 M sodium phosphate buffer was added to the beads and 
incubated in the dark for 4 hours with intermittent re-suspen 
Sion. The magnetic microparticles were then blocked and 
washed according to the methods described in Archer et al., 
“Magnetic bead-based solid phase for selective extraction of 
genomic DNA” Anal. Biochem., 355, 285-97 (2006) and 
Archer et al., “Development and Characterization of a Solid 
Phase for Single-Step Enrichment of Pathogenic Targets.” 
The Open Analytical Chemistry Journal, 2, 47-54 (2008), the 
entire contents of each are incorporated herein by reference. 
For the fluorescence imaging, 5ul of the magnetic micropar 
ticles were deposited on a clean glass slide and allowed to dry 
in the dark (FIG. 2). UV-spectroscopy measurement on the 
unbound oligonucleotide indicated an immobilization effi 
ciency of 50%. 

These results demonstrate the successful immobilization 
of the dendrimer on the magnetic microparticles. The amino 
modification of the oligonucleotide will react only with the 
aldehyde groups of the dendrimer, while the Cy3 modifica 
tion produces the fluorescence signal. As a control experi 
ment, magnetic microparticles not functionalized with the 
dendrimer were also imaged and did not exhibit fluorescence. 
The above descriptions are those of the preferred embodi 

ments of the invention. Various modifications and variations 
are possible in light of the above teachings without departing 
from the spirit and broader aspects of the invention. It is 
therefore to be understood that the claimed invention may be 
practiced otherwise than as specifically described. Any refer 
ences to claim elements in the singular, for example, using the 
articles “a,” “an,” “the or "said is not to be construed as 
limiting the element to the singular. 

What is claimed as new and desired to be protected by 
Letters Patent of the United States is: 

1. A method to attach a phosphorous dendrimer onto mag 
netic microparticles, comprising: 

obtaining magnetic microparticles in a water-based solu 
tion and washing the microparticles with water; then 

performing a solvent exchange by 
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washing the microparticles at least two times with a first 
concentration of a transition solvent, wherein the first 
concentration of transition solvent is 50%; then 

washing the microparticles at least two times with a 
second concentration of the transition solvent, 
wherein the second concentration is greater than the 
first concentration, and wherein the second concen 
tration is 100%; then 

washing the microparticles at least three times with an 
organic solvent; then 

washing the microparticles with the transition solvent; 
then 

washing the microparticles with the organic solvent; and 
then 

Suspending the microparticles in the transition solvent; 
then 

Suspending the microparticles in a phosphorous dendrimer 
Solution and shaking; then 

washing the microparticles at least five times with the 
organic solvent; and then 

washing the microparticles with the transition solvent. 
2. The method of claim 1, wherein the microparticles com 

prise a primary amine functionality. 
3. The method of claim 1, wherein the transition solvent 

comprises ethanol. 
4. The method of claim 1, wherein the organic solvent 

comprises dichloromethane, chloroform, tetrahydrofuran, 
dioxane, or any combination thereof. 

5. The method of claim 1, wherein the microparticles are 10 
mg beads. 

6. A method to attach a phosphorous dendrimer onto mag 
netic microparticles, comprising: 

obtaining magnetic microparticles in a water-based solu 
tion and washing the microparticles with water; then 

performing a solvent exchange by 
washing the microparticles at least two times with a first 

concentration of a transition solvent; then 
washing the microparticles at least two times with a 

second concentration of the transition solvent 
wherein the second concentration is greater than the 
first concentration; then 

washing the microparticles at least three times with an 
organic solvent; then 

washing the microparticles with the transition solvent; 
then 

washing the microparticles with the organic solvent; and 
then 

Suspending the microparticles in the transition solvent; 
then 

Suspending the microparticles in a phosphorous dendrimer 
Solution and shaking, wherein the shaking is for at least 
22 hours at 90 rpm: then 

washing the microparticles at least five times with the 
organic solvent; and then 

washing the microparticles with the transition solvent. 
7. A method to attach a phosphorous dendrimer onto mag 

netic microparticles, comprising: 
obtaining magnetic microparticles in a water-based solu 

tion and washing the microparticles with water; then 
performing a solvent exchange by 
washing the microparticles at least two times with a first 

concentration of a transition solvent; then 
washing the microparticles at least two times with a 

second concentration of the transition solvent 
wherein the second concentration is greater than the 
first concentration; then 
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6 
washing the microparticles at least three times with an 

organic solvent; then 
washing the microparticles with the transition solvent; 

then 
washing the microparticles with the organic solvent; and 

then 
Suspending the microparticles in the transition solvent; 

then 
Suspending the microparticles in a phosphorous dendrimer 

Solution and shaking; then 
washing the microparticles at least five times with the 

organic solvent; and then 
washing the microparticles with the transition solvent; 
wherein the phosphorous dendrimer comprises hexachlo 

rocyclotriphosphaZene. 
8. A phosphorous dendrimer attached to magnetic micro 

particles, made by the method comprising: 
obtaining magnetic microparticles in a water-based solu 

tion and washing the microparticles with water; then 
performing a solvent exchange by 

washing the microparticles at least two times with a first 
concentration of a transition solvent, wherein the first 
concentration of transition solvent is 50%; then 

washing the microparticles at least two times with a 
second concentration of the transition solvent, 
wherein the second concentration is greater than the 
first concentration, and wherein the second concen 
tration is 100%; then 

washing the microparticles at least three times with an 
organic solvent; then 

washing the microparticles with the transition solvent; 
then 

washing the microparticles with the organic solvent; and 
then 

Suspending the microparticles in the transition solvent; 
then 

Suspending the microparticles in a phosphorous dendrimer 
Solution and shaking; then 

washing the microparticles at least five times with the 
organic solvent; and then 

washing the microparticles with the transition solvent. 
9. The phosphorous dendrimer of claim 8, wherein the 

microparticles comprise a primary amine functionality. 
10. The phosphorous dendrimer of claim 8, wherein the 

transition solvent comprises ethanol. 
11. The phosphorous dendrimer of claim 8, wherein the 

organic solvent comprises dichloromethane, chloroform, tet 
rahydrofuran, dioxane, or any combination thereof. 

12. The phosphorous dendrimer of claim 8, wherein the 
shaking is for at least 22 hours at 90 rpm. 

13. The phosphorous dendrimer of claim 8, wherein the 
microparticles are 10 mg beads. 

14. The phosphorous dendrimer of claim 8, wherein the 
phosphorous dendrimer comprises hexachlorocyclotriphosp 
haZene. 

15. The method of claim 6, wherein the microparticles 
comprise a primary amine functionality. 

16. The method of claim 6, wherein the transition solvent 
comprises ethanol. 

17. The method of claim 6, wherein the organic solvent 
comprises dichloromethane, chloroform, tetrahydrofuran, 
dioxane, or any combination thereof. 

18. The method of claim 7, wherein the microparticles 
comprise a primary amine functionality. 

19. The method of claim 7, wherein the transition solvent 
comprises ethanol. 
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20. The method of claim 7, wherein the organic solvent 
comprises dichloromethane, chloroform, tetrahydrofuran, 
dioxane, or any combination thereof. 

k k k k k 


